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(57) ABSTRACT

A charging station for charging a vehicle includes a charger,
a camera, a positioner, and a controller. The charger has a
transformer part by which electrical energy can be transferred
to a corresponding transformer part arranged behind the
vehicle license plate when the charger is in a position relative
to the license plate at which the transformer parts sandwich
the license plate. The camera generates positional informa-
tion indicative of positioning between the charger and the
license plate. The positioner can move the charger within a
range of motion. When the license plate is within the range of
motion, the positioner moves the charger based on the posi-
tional information to the position at which the transformer
parts sandwich the license plate. The controller uses the posi-
tional information to generate instructions indicative on how
to drive the vehicle to a position in which the license plate is
within the range of motion.

8 Claims, 2 Drawing Sheets
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Generate Positional Information Indicative of Positioning of a Charging Coupler of
a Charging Station and the License Plate of a Vehicle Relative to One Another

Generate, Based on the Positional Information, Driving Instructions Indicative on
How to Drive the Vehicle to a Paosition in which the License Plate is at a Certain
Point from Within the Range of Motion of the Charging Coupler

Transmit the Driving Instructions from the Charging Station to the Vehicle Driver

Y - 38

Vehicle Driver Driving the Vehicle According to the Driving Instructions to Drive the
Vehicle to the Position in which the License Plate is at the Certain Point from Within
the Range of Motion of the Charging Coupler

Y - 40

Upon the Vehicle Being Driven to the Position in which the License Plate is at the
Certain Point from Within the Range of Motion of the Charging Coupler, Transmit
Remote Control Signals Based on the Positional Information from the Charging
Station to a Radio Communication Device of the Vehicle to Remotely Control the
Vehicle to Drive the Vehicle to a Position in which the License Plate is Within the
Range of Motion of the Charging Coupler

Y - 42

Upon the Vehicle Being Driven to the Position in which the License Plate is Within
the Range of Motion of the Charging Coupler, Move the Charging Coupler Based on
the Positional Information Using a Positioner to Move the Charging Coupler to the
Position Relative to the License Plate at which the Transformer Parts Sandwich the
License Plate

FIG. 2
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1
METHOD AND CHARGING STATION FOR
TRACTION BATTERY OF AN ELECTRIC
VEHICLE WITH AUTOMATIC, MOTORIZED
POSITIONING OF STATION-SIDE COUPLER
TO INDUCTIVELY CHARGE THROUGH THE
VEHICLE LICENSE PLATE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation-in-part of International
Application No. PCT/EP2012/065371, published in German,
with an International filing date of Aug. 6, 2012, which claims
priority to DE 10 2011 109 834.1, filed Aug. 9, 2011; the
disclosures of which are hereby incorporated in their entirety
by reference herein.

TECHNICAL FIELD

The present invention relates to a charging station for
inductively charging the traction battery of an electrically
driven vehicle parked at the charging station, the charging
station including a charging coupler having a charging sta-
tion-side transformer part by which electrical energy can be
transferred to a vehicle-side transformer part arranged behind
the license plate of the vehicle when the charging coupler is
moved to a position relative to the license plate at which the
transformer parts sandwich the license plate, a motorized
positioner configured to move the charging coupler in several
spatial directions relative to the license plate of the vehicle,
and a camera for monitoring the position of the charging
coupler and the license plate relative to one another.

The present invention further relates to a method for induc-
tively charging the traction battery of an electrically driven
vehicle parked at such a charging station.

BACKGROUND

DE 20 2010 007 613 U1 describes a transmission system
having a charging station of the type described above for the
inductive charging of the traction battery of an electrically
driven vehicle parked at the charging station. The transmis-
sion system includes a charging station-side transformer part
and a vehicle-side transformer part. The charging station
includes a charging coupler having the charging station-side
transformer part. The vehicle-side transformer part is
arranged on the vehicle behind the license plate of the vehicle.
Electrical energy can be transferred from the charging sta-
tion-side transformer part to the vehicle-side transformer part
when the charging coupler is moved to a position relative to
the license plate at which the transformer parts sandwich the
license plate. The charging station further includes a motor-
ized positioner configured to move the charging coupler in
different spatial directions relative to the license plate. The
charging station further includes a camera configured to
detect the position of the charging coupler and the license
plate relative to one another. The positioner is configured to
use the camera information in order to precisely position the
charging coupler with respect to the license plate and thereby
position the transformer parts with respect to one another for
optimal coupling.

Depending on how precisely the driver parks the vehicle
relative to the charging coupler at the charging station prior to
the process of the positioner positioning the charging coupler
with respect to the license plate of the vehicle, the positioner
has to be configured to move the charging coupler over a
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2

relatively large range of motion which makes the positioner
relatively large and expensive.

SUMMARY

An object of the present invention includes a charging
station of the type described above which enables precise
positioning of the charging station-side and vehicle-side
transformer parts with respect to one another, wherein the
range of motion of the positioner for positioning the charging
coupler having the charging station-side transformer part is
considerably reduced.

In carrying out at least one of the above and other objects,
the present invention provides a charging station for induc-
tively charging the traction battery of an electrically driven
vehicle. The charging station includes a charging coupler, a
camera, a motorized positioner, and an approach controller.
The charging coupler has a charging station-side transformer
part by which electrical energy can be transferred to a vehicle-
side transformer part arranged on the vehicle behind a license
plate of the vehicle when the charging coupler is in a position
relative to the license plate at which the transformer parts
sandwich the license plate. The camera is configured to gen-
erate positional information indicative of positioning of the
charging coupler and the license plate relative to one another.
The positioner is configured to move the charging coupler
within a range of motion. When the license plate is within the
range of motion of the charging coupler the positioner is
further configured to move the charging coupler based on the
positional information to move the charging coupler to the
position relative to the license plate at which the transformer
parts sandwich the license plate. The approach controller is
configured to generate driving instructions based on the posi-
tional information. The driving instructions are indicative on
how to drive the vehicle to a position in which the license plate
is within the range of motion of the charging coupler.

Further, in carrying out at least one of the above and other
objects, the present invention provides a method for induc-
tively charging the traction battery of an electrically driven
vehicle at a charging station. The charging station includes a
charging coupler and a motorized positioner configured to
move the charging coupler within a range of motion. The
charging coupler has a charging station-side transformer part
by which electrical energy can be transferred to a vehicle-side
transformer part arranged on the vehicle behind a license
plate of the vehicle when the charging coupler is in a position
relative to the license plate at which the transformer parts
sandwich the license plate. The method includes generating
positional information indicative of positioning of the charg-
ing coupler and the license plate relative to one another using
a camera at the charging station. The method further includes
generating driving instructions based on the positional infor-
mation using an approach controller at the charging station,
the driving instructions being indicative on how to drive the
vehicle to a position in which the license plate is within the
range of motion of the charging coupler. The method further
includes driving the vehicle according to the driving instruc-
tions to drive the vehicle to the position in which the license
plate is within the range of motion of the charging coupler.
The method further includes, when the license plate is within
the range of motion of the charging coupler, moving the
charging coupler based on the positional information using
the positioner to move the charging coupler to the position
relative to the license plate at which the transformer parts
sandwich the license plate.

Inembodiments of the present invention, a charging station
for inductively charging the traction battery of an electrically
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driven vehicle parked at the charging station includes a charg-
ing coupler, a positioner for moving the charging coupler in
several spatial directions ina motorized manner, and a camera
for recording positional data indicative of the position of the
charging coupler and a license plate on the vehicle relative to
one another. The charging coupler is attachable to the vehicle
and includes a charging station-side transformer part. Elec-
trical energy can be transferred from the charging station-side
transformer part to a vehicle-side transformer part arranged
behind the license plate of the vehicle when the charging
coupler is in a position relative to the license plate at which the
transformer parts sandwich the license plate. The positioner is
configured to use the charging coupler positional data from
the camera in order to move the charging coupler to the
position at which the transformer parts sandwich the license
plate.

The charging station further includes an approach control-
ler in communication with the camera and the driver of the
vehicle and/or the vehicle itself. The approach controller is
configured to generate driving instructions to be used by the
driver and/or the vehicle to move the vehicle to a position in
which the license plate is adjacent to the charging station-side
transformer part of the charging coupler. That is, the driving
instructions are instructions or directions advising the driver
(and/or the vehicle) on how to drive the vehicle to move the
vehicle to the position in which the license plate is adjacent to
the charging station-side transformer part. The approach con-
troller generates the driving instructions based on the charg-
ing coupler positional data recorded by the camera. That is,
the driving instructions are based on the position of the charg-
ing coupler and the license plate relative to one another. The
approach controller is further configured to provide the driv-
ing instructions to the driver and/or the vehicle for the driver
and/or the vehicle to use in order to park the vehicle at the
position in which the license plate is adjacent to the charging
station-side transformer part.

Subsequent to using the driving instructions to park the
vehicle at the position in which the license plate is adjacent to
the charging station-side transformer part, the positioner
moves the charging coupler to the position at which the trans-
former parts sandwich the license plate. As a result of the
coarse position adjustment due to the vehicle being parked
relative to the charging coupler using the driving instructions,
the positioner provides a fine tune movement adjustment of
the charging coupler in order to move the charging coupler to
the position at which the transformer parts sandwich the
license plate. Consequently, the range of motion of the posi-
tioner for positioning the charging coupler may be relatively
small.

The above features, and other features and advantages of
the present invention are readily apparent from the following
detailed description thereof when taken in connection with
the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a block diagram of a charging system
having a charging station in accordance with an embodiment
of the present invention; and

FIG. 2 illustrates a flowchart depicting operation of using
the charging system in accordance with an embodiment of the
present invention.

DETAILED DESCRIPTION

Detailed embodiments of the present invention are dis-
closed herein; however, it is to be understood that the dis-
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4

closed embodiments are merely exemplary of the present
invention that may be embodied in various and alternative
forms. The figures are not necessarily to scale; some features
may be exaggerated or minimized to show details of particu-
lar components. Therefore, specific structural and functional
details disclosed herein are not to be interpreted as limiting,
but merely as a representative basis for teaching one skilled in
the art to variously employ the present invention.

Referring now to FIGS. 1 and 2, a block diagram of a
charging system 10 having a charging station 12 and a flow-
chart 30 depicting operation of using the charging system in
accordance with an embodiment of the present invention are
respectively shown. Charging station 12 is for inductively
charging the traction battery of an electrically driven vehicle
14 parked at the charging station.

Charging station 12 includes a movable charging coupler
16 (“charger”). Charging coupler 16 is attachable to vehicle
14. Charging coupler 16 includes a charging station-side
transformer part 18a at one end of the charging coupler.
Vehicle 14 includes a vehicle-side transformer part 185.
Vehicle-side transformer part 185 is arranged behind a license
plate 20 on vehicle 14. License plate 20 may be on the front or
rear end of vehicle 20. Electrical energy can be transferred
from charging station-side transformer part 18a to vehicle-
side transformer part 185 when the charging coupler 16 is in
aposition relative to license plate 20 at which the transformer
parts sandwich the license plate.

Charging station 12 further includes a positioner 22 con-
figured to move charging coupler 16 in several spatial direc-
tions in a motorized manner via the use of a motor 23. Charg-
ing station 12 further includes a camera 24 for recording
positional data indicative of the position of charging coupler
16 and license plate 20 relative to one another, as referenced
in block 32 of flowchart 30. Positioner 22 is configured to use
charging coupler positional data from camera 24 in order to
move charging coupler 16 to the position at which trans-
former parts 18a, 185 sandwich license plate 20.

Charging station 12 further includes an approach controller
26 in communication with camera 24 and the driver of vehicle
14 and/or the vehicle itself (e.g., a communication device of
the vehicle such as a radio communication device 15).
Approach controller 26 is configured to generate driving
instructions to be used by the driver and/or vehicle 14 to move
the vehicle to a position at which license plate 20 is near or
adjacent to charging station-side transformer part 18a, as
referenced in block 34 of flowchart 30. Approach controller
26 generates the driving instructions based on the position of
charging coupler 16 and license plate 20 relative to one
another as detected by camera 24. Approach controller 26 is
further configured to provide the driving instructions to the
driver and/or vehicle 14 for the driver and/or the vehicle to use
in order to park the vehicle at the position in which license
plate 20 is adjacent to charging station-side transformer part
18a, as reference in block 36 of flowchart 30.

In operation of using charging station 12 to charge vehicle
14, the driver (and/or vehicle 14 by itself) initially drives the
vehicle pursuant to the driving instructions from approach
controller 26 to make a crude positional adjustment of the
vehicle, particularly license plate 20, with respect to charging
coupler 16, as referenced in block 38 of flowchart 30. Vehicle
14 is driven to make the crude positional adjustment until
license plate 20 is within a range of motion of charging
coupler 16 that is enabled by positioner 22. In turn, positioner
22 moves charging coupler 16 to perform a fine positional
adjustment of the charging coupler with respect to license
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plate 20 and thereby move the charging coupler to the position
at which transformer parts 184, 185 sandwich license plate
20.

As such, subsequent to using the driving instructions from
approach controller 26 to park vehicle 14 at a position in
which license plate 20 is adjacent to charging station-side
transformer part 18a, positioner 22 moves charging coupler
16 to move the charging coupler to the position at which
transformer parts 18a, 185 sandwich license plate 20. As a
result of the coarse position adjustment due to vehicle 14
being parked relative to charging coupler 16 using the driving
instructions, positioner 22 may simply provide a fine tune
movement adjustment of the charging coupler to move the
charging coupler to the position at which transformer parts
18a, 186 sandwich license plate 20, as referenced in block 42
of flowchart 30. Consequently, the range of motion of posi-
tioner 22 for positioning charging coupler 16 may be rela-
tively small due to the use initially moving vehicle 14 towards
charging coupler 16 pursuant to the driving instructions.

As described, camera 24 at charging station 12 detects
vehicle 14 being parked at the charging station and its (front)
license plate 20 in particular. Within a specified neighborhood
of vehicle 14, approach controller 26 provides driving
instructions for properly approaching charging coupler 16 to
the driver. For example, approach controller 26 can convey
the driving instructions optically by illuminated arrows that
indicate the direction of vehicle travel by suitable text indi-
cators such as “right”, “left”, “forward”, etc., or acoustically
by appropriate voice commands. Camera 24 continuously
monitors the desired approach of license plate 20 toward
charging coupler 16, and approach controller 26 provides
suitable driving instructions to the driver with the aid of the
positional data of license plate 20 relative to charging coupler
16 recorded by camera 24.

Alternatively or additionally, approach controller 26 may
actively assume steering control of vehicle 14 from a certain
point without operator intervention, as referenced in block 40
of flowchart 30. In this case, the driver can, for example, be
requested to confirm consent to transfer control of vehicle 14
to approach controller 26 by actuating a pushbutton or similar
operation. Approach controller 26 then takes over control of
vehicle 14, e.g., by remote control signals transmitted by a
radio connection, and steers the vehicle continuously with the
aid of positional data of license plate 20 from camera 24 to
achieve an optimal approach of vehicle 14 (i.e., license plate
20) to charging station 12.

An approach of license plate 20 to charging coupler 16 to
within a distance of about 10 to 30 cm can be achieved
without difficulty in the framework of the approaches
described herein. When one of the limiting distances falls
within range, a further approach of vehicle 14 to charging
station 12 is suppressed since approach controller 26 stops the
vehicle remotely or provides the driver with an appropriate
command. The remainder of the approach between trans-
former parts 18a, 185 is then assumed by a motor driven
charging coupler 16 until optimal coupling between the trans-
former parts is achieved. Since this motion has to cover only
a relatively small spatial region, it can be implemented with
components that are relatively small and economical, but
must still be executed sensitively and precisely. The steering
and control for this motion also takes place with the aid of the
positional data of license plate 20 that is continuously
detected by camera 24. The motion of charging coupler 16
produced by the motor thereby occurs in three spatial direc-
tions (X-, y-, Z-directions) and positions charging coupler 16
in the middle opposite license plate 20.
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Charging coupler 16 is moved to lie alongside license plate
20 by another element lying opposite in the middle of charg-
ing coupler 16 and license plate 20. This results in pressures
that are controlled by a force transducer of charging station 12
until a predetermined maximum force is achieved. The
remaining inaccuracies, which can result from a non-pre-
cisely parallel alignment of the planes of charging coupler 16
and license plate 20, are compensated for by spring mounting
charging coupler 16. An embodiment of charging coupler 16
as acollectively elastic, plate-shaped body enables an optimal
coupling between transformer coils of transformer parts 18a,
185, even for different shapes of license plate 20, such as in
the case of a V-shaped bend. Since a relative motion in the
lateral direction does not take place for elements already in
contact between charging coupler 16 and license plate 20,
scratching of license plate 20 is virtually excluded.

Additional information can also be recorded in the frame-
work of the approach procedure of vehicle 14 to charging
station 12 by using camera 24. Thus, on the one hand, the
lettering on license plate 20 can be detected to identify vehicle
14 and thereby, for example, to verify authorization to charge
atcharging station 12, or if necessary, to facilitate an account-
ing procedure for using charging station 12. On the other
hand, obstacles between vehicle 14 and charging station 12
and/or foreign bodies or dirt, which can hinder the approach
of the vehicle to the charging station or at least the charging
procedure itself, can be detected and appropriate warnings
given to the driver to remove these obstacles.

While exemplary embodiments are described above, it is
not intended that these embodiments describe all possible
forms of the present invention. Rather, the words used in the
specification are words of description rather than limitation,
and it is understood that various changes may be made with-
out departing from the spirit and scope of the invention.
Additionally, the features of various implementing embodi-
ments may be combined to form further embodiments of the
present invention.

What is claimed is:

1. A charging station for inductively charging the traction
battery of an electrically driven vehicle, the charging station
comprising:

a charging coupler having a charging station-side trans-
former part by which electrical energy can be transferred
to a vehicle-side transformer part arranged on the
vehicle behind a license plate of the vehicle when the
charging coupler is in a position relative to the license
plate at which the transformer parts sandwich the license
plate;

a camera configured to generate positional information
indicative of positioning of the charging coupler and the
license plate relative to one another;

a motorized positioner configured to move the charging
coupler within a range of motion, wherein when the
license plate is within the range of motion of the charg-
ing coupler the positioner is further configured to move
the charging coupler based on the positional information
to move the charging coupler to the position relative to
the license plate at which the transformer parts sandwich
the license plate; and

an approach controller configured to generate driving
instructions based on the positional information, the
driving instructions being indicative on how to drive the
vehicle to a position in which the license plate is at a
certain point from within the range of motion of the
charging coupler;

the approach controller is further configured to transmit the
driving instructions to a driver of the vehicle for the
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driver to use to drive the vehicle to the position in which
the license plate is at the certain point from within the
range of motion of the charging coupler;

the approach controller is further configured to, upon the

vehicle being driven to the position in which the license
plate is at the certain point from within the range of
motion of the charging coupler, transmit remote control
signals based on the positional information via a radio
connection to the vehicle to remotely control the vehicle
without driver intervention to drive the vehicle to a posi-
tion in which the license plate is within the range of
motion of the charging coupler and, upon the vehicle
being driven to the position in which the license plate is
within the range of motion of the charging coupler, to
remotely control the vehicle without driver intervention
to stop the vehicle and suppress a further approach of the
vehicle towards the charging coupler.

2. The charging station of claim 1 wherein:

the approach controller is further configured to transmit the

driving instructions to the driver via at least one of
acoustic and optical delivery mechanisms.

3. The charging station of claim 1 wherein:

the camera is further configured to record the license plate

as the license plate is moved towards the charging cou-
pler.
4. A method for inductively charging the traction battery of
an electrically driven vehicle at a charging station, the charg-
ing station including a charging coupler and a motorized
positioner configured to move the charging coupler within a
range of motion, the charging coupler having a charging
station-side transformer part by which electrical energy can
be transferred to a vehicle-side transformer part arranged on
the vehicle behind a license plate of the vehicle when the
charging coupler is in a position relative to the license plate at
which the transformer parts sandwich the license plate, the
method comprising:
generating positional information indicative of positioning
of the charging coupler and the license plate relative to
one another using a camera at the charging station;

generating driving instructions based on the positional
information using an approach controller at the charging
station, the driving instructions being indicative on how
to drive the vehicle to a position in which the license
plate is at a certain point from within the range of motion
of the charging coupler;

transmitting the driving instructions from the approach

controller to a driver of the vehicle;

driving, by the driver, the vehicle according to the driving

instructions to drive the vehicle to the position in which
the license plate is at the certain point from within the
range of motion of the charging coupler;

upon the vehicle being driven to the position in which the

license plate is at the certain point from within the range
of motion of the charging coupler, transmitting remote
control signals based on the positional information from
the approach controller via a radio connection to the
vehicle to remotely control the vehicle without driver
intervention to drive the vehicle to a position in which
the license plate is within the range of motion of the
charging coupler and, upon the vehicle being driven to
the position in which the license plate is within the range
of motion of the charging coupler, to remotely control
the vehicle without driver intervention to stop the
vehicle and suppress a further approach of the vehicle
towards the charging station; and

upon the vehicle being driven to the position in which the

license plate is within the range of motion of the charg-
ing coupler, moving the charging coupler based on the
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positional information using the positioner to move the
charging coupler to the position relative to the license
plate at which the transformer parts sandwich the license
plate.

5. The method of claim 4 wherein:

transmitting the driving instructions from the approach
controller to a driver of the vehicle is via at least one of
acoustic and optical delivery mechanisms.

6. A charging system for inductively charging the traction

10 battery of an electrically driven vehicle, the charging system
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comprising:

a charging coupler;

a transformer assembly having a charging station-side
transformer part and a vehicle-side transformer part, the
charging station-side transformer part being part of the
charging coupler, the vehicle-side transformer part
being part of the vehicle and arranged behind a license
plate of the vehicle, wherein electrical energy can be
transferred from the charging station-side transformer
part to the vehicle-side transformer part when the charg-
ing coupler is in a position relative to the license plate at
which the transformer parts sandwich the license plate;

a camera configured to generate positional information
indicative of positioning of the charging coupler and the
license plate relative to one another;

a motorized positioner configured to move the charging
coupler within a range of motion;

an approach controller configured to generate driving
instructions based on the positional information, the
driving instructions being indicative on how to drive the
vehicle to a position in which the license plate is at a
certain point from within the range of motion of the
charging coupler;

the approach controller is further configured to transmit the
driving instructions to a driver of the vehicle for the
driver to use to drive the vehicle to the position in which
the license plate is at the certain point from within the
range of motion of the charging coupler;

wherein when the license plate is at the certain point from
within the range of motion of the charging coupler, the
approach controller is further configured to transmit
remote control signals based on the positional informa-
tion via a radio connection to the vehicle to remotely
control the vehicle without driver intervention to drive
the vehicle to a position in which the license plate is
within the range of motion of the charging coupler and,
upon the vehicle being driven to the position in which the
license plate is within the range of motion of the charg-
ing coupler, to remotely control the vehicle without
driver intervention to stop the vehicle and suppress a
further approach of the vehicle towards the charging
coupler; and

wherein when the license plate is within the range of
motion of the charging coupler the positioner is further
configured to move the charging coupler based on the
positional information to move the charging coupler to
the position relative to the license plate at which the
transformer parts sandwich the license plate.

7. The charging system of claim 6 wherein:

the approach controller is further configured to transmit the
driving instructions to the driver via at least one of
acoustic and optical delivery mechanisms.

8. The charging system of claim 6 wherein:

the camera is further configured to record the license plate
as the license plate is moved towards the charging cou-
pler.



